The purpose of this study was to analyze the handling conditions and microbial contamination of fish from Ouagadougou markets. In spite of the fact that fish consumption is linked to several events of alimentary infection in Burkina Faso, fewer studies were dedicated to this issue. The study was conducted using two approaches. First, an investigation conducted with fish sellers to evaluate handling hygienic conditions of fish. Secondly, microbiological analysis conducted to assess the microbiological quality of fish. Total and faecal coliforms, Staphylococcus aureus, fungic flora, Salmonella sp., Shigella sp. and Escherichia coli were the main groups found on fish specimens from Ouagadougou markets. The results showed also a predominance of women in the fish handling domain, sellers mainly illiterate, without any training in good hygienic practices (GHP). The consequences on microbiological level, was an abundance of S. aureus mainly on smoked fish. 57.5, 55 and 7.5% of samples have been found unsatisfactory (not good for consumption) respectively according to their contamination by S. aureus, faecal coliforms and fungus. Besides, Shigella sp. was found on 1% of sample, E. coli 15% and Salmonella sp. 25%.
INTRODUCTION
Fish is an important dietary component of people all around the world and represents a relatively cheap and accessible source of high quality protein for poorer households (Ikutegbe and Sikoki, 2014) . In the world, fish consumption per habitant raised up from 10 kg in the 60s to 19 kg in 2012 (FAO, 2014) . In Africa, more than 200 million of persons consumed regularly fresh, smoked and dried fish (World Fish Center, 2005) . In Burkina Faso, due to financial and economic crises (like devaluation which happened in January 1994), livestock exportation has considerably increased. This situation induced an expensiveness of meat and a shift from meat to fish consumption (Coulibaly et al., 1995) . Fish is consumed fresh or transformed (smoked, fried or roasted). In urban area, fish is mainly sold fresh on markets. In rural areas, transformed fish is the most sold. In Burkina Faso, fish consumption was 1.4 kg/habitant in 2003 (FAO, 2009 ). However, due to the microbial contamination already found by some authors, the consumers are in risk. Barro et al. (2006) and Abdelrahim et al. (2012) reported some contamination of transformed fish by coliforms, Escherichia coli and some enteropathogenic bacteria, in street in Burkina Faso. In spite of this, microbiological quality of fish is not sufficiently analyzed in Burkina Faso and there is no data about handling condition and microbiological contamination of fresh fish produced and imported in Burkina Faso, this is why we sought into it. People selling fish on the street in a lack of hygiene practices could be the related factor of fish contamination. Using survey and microbiological analysis, this study aimed to highlights the bad handling conditions of fish in Ouagadougou markets and it consequence on fish contamination. Specifically, it evaluated the handling hygienic conditions of fresh, roasted, fried and smoked fish, and the microbiological quality of those fish.
MATERIALS AND METHODS

Study area and handling condition survey
The study was carried out in Ouagadougou, the capital city of Burkina Faso. Fresh, smoked, fried and roasted fish samples were collected from May to November 2013, on eleven locations throughout the city (Figure 1 ). Fifty one (51) fish sellers were interviewed using a set of questions, aiming to determine sellers' population characteristics (age, sex, level of instruction, level in training in Good Hygiene Practices (GHPs). Handling condition were analyzed with regard to the Sanitation Standard Operating Procedures (SSOPs): Hair protection, hands washed before selling, use of gloves and kitchen smock; the hygienic conditions of trading place (surrounding wastes, tap water availability, implement and utensil conditions).
Sampling
Sampling was done by making a purchase of fish from seller at the sales peak hours (7 am to 6 pm for fresh and smoked fish; 6 pm to 11 pm for fried and roasted fish). A total of 40 fish samples were collected under aseptic conditions. They were put in sterile freezer bags, kept cold to under 4°C with an icebox and directly transported to laboratory for microbiological analysis. Once in the laboratory, each specimen was identified according to Paugy et al. (2004) , and Diouf (1991) keys. The different types of fish sampled were fresh water fish (fresh and roasted Oreochromis niloticus, fresh Saroterodon galilaeus, smocked Clarias anguilaris) and marine fish (fried Mugil cephalus and Liza sp.).
Microbiological analysis
Bacteria were isolated and counted using several culture media, with petri dishes. Depending on the type of germ, different culture media have been used. The Violet Red Bile Lactose (VRBL) was used for total and thermo tolerant coliforms and Escherichia coli isolation. Mannitol Salt Agar was used for Staphylococcus aureus, Sabouraud enriched with Chloramphenicol for toadstool (yeasts and moulds) and Salmonella/Shigella (SS) for Salmonella sp. and Shigella sp. isolation. Culture media have been sterilized at autoclave 121°C for 15 min, except VRBL and SS which have been warmed to boiling point. They were cooled to about 50°C and poured into petri boxes (15 to 20 ml/box) previously sterilized at 180°C.
Total viable count (TVC)
For total and thermo tolerant coliforms NF.V08-50 and NF.V08-60 was used respectively. Ten (10) gram of different part of each fish sampled was mixed in 90 ml of NaCl 9‰ water with a stomacher. Serial dilutions from 10 -1 to 10 -4 were prepared by diluting this mixture. 0.2 ml of each dilution (10 -2 , 10 -3 and 10 -4 ) was poured and spread with a sterile small rake on the agar (VRBL) in aseptic conditions. Boxes were incubated in aerobic at 37°C for 24 to 48 h for total coliforms, 44 ± 0,5°C for thermo tolerant coliforms. Fungi (yeasts and moulds) were isolated and grown on Sabouraud Chloramphenicol Agar, incubated aerobically for 48 h at 30° C. For S. aureus, NF.V08-57-2 was used. The agar (Mannitol Salt Agar) was incubated in aerobic conditions at 37°C for 24 to 48 h. Presumed S. aureus showed shining and pigmented colonies surrounded with a yellow halo due to mannitol fermentation. Nonpathogenic Staphylococcus constituted generally red colonies which do not change agar colour. Coagulase test have been done to confirm the presence of Staphylococcus aureus.
Salmonella sp. and Shigella sp. have been isolated following normalized method (ISO 6579: 2002) . 25 g of fish tissues have been homogenized in 225 ml of buffered peptone water, incubated at 37°C for 24 h. One milliliter of this solution was introduced in 10 ml of Rappaport Vasiliadis, incubated at 42°C for 24 h. With a pastor pipette sterilized in alcohol then backling, few microliters were seeded in scores on SS agar, incubated at 37°C for 24 h. Presumed Salmonella, Shigella and E. coli have been characterized with minimal gallery: Kligler Iron Agar, Simmons Citrate Agar, and Mannitol-Motility Test Medium. Pure bacteria colonies obtained from Müller Hinton agar have been seeded on those culture media, incubated at 37°C for 18 to 24 h. The identification has been confirmed with API 20E gallery, which is a standard method with 20 micro tubes, aiming to realize 20 biochemical tests.
Bacteria count
Counting was done with a colony counter. The technic is based on the principle that each viable bacteria produced one colony, thus the number of colonies on the petri box corresponded to the number of living bacteria contained in the seeded solution. The number of bacteria was obtained using the formula below, where N designate the numbers of bacteria, Nc the numbers of colonies in each petri dishes, Vml the volume of the inoculum, d1 the dilution factor and n1 and n2 the numbers of dishes.
∑
Data analysis
The average numbers of bacteria counted on fish according to their performed with R software version 2.15.1. The significance level was set at p=0.05.
RESULTS
Fish handling condition
For Sanitation Standard Operating Procedures (SSOPs) for fish handling, the study reported that more than fifty percent (50%) of the sellers had no hair protection; over a quarter of this population do not care about hands washing. Moreover, less than twenty five percent (25%) used protection like apron, gloves or bibs during the selling (Figure 3a) . Nearly seventy five percent (75%) of sellers handled money and fish at the same time. In addition, a total of 39 selling sites prospected, more than sixty percent (60%) did not have potable water supplied, most of them were near uncovered gutters. Insect were often present in the disposed fish that were sometime uncovered (~40%). The most used packing method was the plastic. In most case there was no waste disposal near the selling site. For fresh fish conservation and possessing conditions selling (Figures 2b and c) , twelve (12) fish shop were prospected. About twenty five percent (25%) of them were broken-down and above 20% did not have a fridge.
Most of sellers stored the wastes (liquid and solid) and threw them later in the gutter; some of sellers threw the wastes directly on the selling site. There were animals (sheep, goats, dogs, cats) on all prospected sites. The mean storage time was 24 h and the mean temperature for conservation (for sellers who have fridge) was 4.2°C.
Microbiological contamination
Bacteriological analysis underlined contamination by total coliforms on 67.5% of samples, fecal coliforms on 55%, S. aureus on 97.5% and fungi on 87.5%. We found Salmonella sp., Escherichia coli and Shigella sp. respectively on 25, 15 and 1% of fish sample. Smoked fish were the most contaminated. Fresh fish were slightly less contaminated than smoked one. Fried and roasted fish had the lower microbial load. Total and faecal coliforms, and S. aureus densities were different according to cooking process with the highest values being observed in smoked fish followed by fresh ones ( Figure 3C ). However, yeast and mold density did not show significant variation (p= 0.14) even if smoked fish present high density of fungi. For pathogenic germs occurrence, fresh fish had the high prevalence in Salmonella sp. (p= 0.02). However, the other pathogens prevalence did not show significant difference according 
Influence of selling conditions
According to the type of site (fixed and semi-fixed site), total coliform and S. aureus densities significantly vary (p=0.005 and p=0.013, respectively). However, fecal coliforms (p=0.35) and fungi (p=0.38) mean densities were quite the same between fixed and semi-fixed site. In regard to pathogenic germs, whereas a large predominance of salmonella sp. on fixed site (p=0,049) was observed; Shigella sp. and E. coli occurrence did not depend on site (Table 1) .
Food safety assessment
In line with the unhealthy handling conditions of fish underlined by this survey, the microbiological analyses showed according to the European Union Standards, that 55.0 and 57.5% of samples were unsatisfactory respectively regarding fecal coliforms and S. aureus. In equal, samples contaminated by Salmonella sp, Shigella sp. and E. coli (respectively 25.0, 1.0 and 15.0%) were also unsatisfactory (Table 1) . Unsatisfactory sample were those unappropriated to consumption.
DISCUSSION
Sellers do not respect strictly the good hygienic practices rules because of low instruction level and the lack of training. This have been considered like the main factor of fish contamination in this study, but also in Barro et al. (2006) , Tidjani et al. (2011), and El Marnissi et al. (2012) . The cooking and the selling of fish occured generally in unhealthy places. This is the same remark with Umoh and Odoba (1999) , who have underlined presence of animals, insects and wastes on roasted fish selling site in Nigeria. Particularly fresh fish were processed and sold in unhealthy conditions. Consequently, the microbial loads underlined were above the acceptable levels regarding hygienic indicator germs, and varied considerably according to the cooking type. This result was confirmed not only by Ahmed et al. (2011) during their researches on the impact of smoking on fish in Cameroun, but also by Rebecca (2013) when they studied smoked fish bacteriology in Nigeria. Indeed, Abolagba and Uwagbai (2011), and Adeyeye et al. (2014) underlined a significant difference between fresh and smoked fish microbial load in Nigeria. On all the selling sites prospected, smoked fish were exposed and uncovered, in consequence, they made contact with the wind and dust germs. The high occurrence of S. aureus could be explained by the continuous handling of fish not only by the customers, but also by the sellers. This has been demonstrated by Sylla Ouedraogo et al. 871 and Seydi (2003) when they studied the fish used in collective catering at Dakar University. The microbial load of smoked Clarias anguilaris, is less than that of Rebecca (2013) . They counted 4×10 5 UFC/g and showed that this number varied according to the type of site and season. Fresh fish presented a contamination level lower than smoked one. Abolagba and Uwagbai (2011) , underlined that microorganisms isolated from fresh fish could be considered like normal flora. These germs are generally nonpathogenic and can produce bacteriocins against other invader bacteria. One hundred percent (100%) of fresh Sarotherondon galilaeus were contaminated by Salmonella sp. because of a primordial contamination in their living environment (river's water). Indeed, bad handling conditions during the selling (dirty and  uncovered  table, non-hygienic defrosting and evisceration process) could also explain this high occurrence. This is the same remarks by Akaki et al. (2012) when they studied roasted fish bacteriology in Yamoussocro (Côte d'Ivoire). Frying and roasting destroy efficiently microorganisms of fish (Oladipo and Bankole, 2013) . Theoretically, fried and roasted fish do not have much microbial load. Actually, this is impossible because they are submitted to many handlings, multiplying risks of contamination from sellers, like Barro et al. (2006) showed in their study on the hygienic conditions of processing and selling sites of street food in Ouagadougou.
Conclusion
In Burkina Faso, particularly in Ouagadougou, due to meat expensiveness, fish have been progressively the main important source of animal proteins. Then, since 1994, his consumption is becoming more and more important. Fish is consumed generally after several cooking methods: Smoking, roasting, frying. Unfortunately, majority of consumers have no information about microbiological quality of fish consumed. In consideration of results obtained in this study, we aim to evaluate the nutritional value of fish just after the capture and just before the consumption in order to underline the effect of conservation and transformation proceedings. This different analysis will produce results usable in population sensitization about dangers linked to fish consumption.
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